Defective cellular localization of mutant ATP7B in Wilson's disease patients and hepatoma cell lines.
Wilson's disease, a hereditary disorder caused by mutations in the Wilson's disease gene (ATP7B), leads to hepatic and/or neurological pathology resulting from cellular copper overload. In vitro studies showed that ATP7B, located in the trans-Golgi network, traffics to a cytoplasmic vesicular compartment in response to increased copper concentration. Mislocalization and failed intracellular trafficking of ATP7B mutants are suggested to be among disease-causing mechanisms; however, the effect of mutations on ATP7B localization in human tissues has not been directly shown. Therefore, we characterized the subcellular localization of normal and mutant ATP7B in human livers and in hepatoma cell lines. Subcellular distribution of ATP7B in liver tissue from 3 control individuals and 3 Wilson's disease patients harboring a homozygous H1069Q-ATP7B mutation was analyzed by using immunogold electron microscopy. In addition, 14 ATP7B mutants tagged to green fluorescent protein were generated and expressed in HuH-7 and HepG2 cells; intracellular localization of these mutants was characterized by confocal microscopy. In hepatocytes, ATP7B was localized in trans-Golgi vesicles, whereas H1069Q-ATP7B was trapped in the endoplasmic reticulum. Similar results were observed for wild-type ATP7B and H1069Q-ATP7B expressed in hepatoma cells. Most ATP7B proteins harboring missense mutations were distributed similarly to wild-type ATP7B. In contrast, truncated ATP7B mutants showed a diffuse, clustered, cytoplasmic pattern, distinct from the trans-Golgi network or endoplasmic reticulum. These results provide a detailed demonstration of the ATP7B distribution in control and diseased human livers and indicate that several Wilson's disease mutations lead to incorrect localization of ATP7B to distinct cell compartments.